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Use of A-Train data for Aerosol Validation and Assimilation
in the ECMWEF Integrated Forecast System

J.-J. Morcrette, A. Benedetti, M. Janiskova, J.W. Kaiser, L. Jones, O. Stiller
M. Razinger, A.J. Simmons, M. Suttie

ECMWEF, Reading, UK

« ECMWEF for its operational analyses and forecasts ingests gigabytes of
observational data every day (including AIRS, AMSU, AMSR-E, MODIS wind)
and produces weather forecast of temperature, humidity, wind, ..

* Recently, with the EU FP7 GEMS then MACC projects, ECMWF has been
producing experimental analyses and forecasts of reactive gases, greenhouse
gases, and aerosols.

* This presentation quickly surveys some recent and ongoing work dedicated to
aerosols.

e A-Train data (CloudSat/CALIPSO) data are also used in some experimental
cloud analysis (S. Di Michele’s poster).

* GEMS: Global and regional Earth system Monitoring using Satellite and in-situ data;
*  MACC: Monitoring Atmospheric composition and Climate



GMES Atmosphere Component Service

Part of Europe’s Global Monitoring for Environment and Security
initiative
- development of operational space-based observation GMes
- strengthening of complementary in-situ observing systermnis
- development and operation of services, based on core integrated
assimilation and forecasting
- three environmental services for Land, Ocean and Atmosphere

A 32-partner EC project called GEMS (Global and regional Earth-system
Monitoring using Satellite and in-situ data)

- developed systems for the core GMES atmospheric service
- May 2005-May 2009, status completed

$§GEMS

A 48-partner EC-funded project called MACC:
- provides pilot GMES Atmosphere Component Service
- succeeds earlier projects GEMS and PROMOTE

- coordinated by ECMWF
- started in June 2009, scheduled to end October 2011 l I .acc
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MACC is a Callaborative Project (2009-2011) funded by the European Community under the 7th Framework Programme.
It is coordinated by the European Centre for Medium-Range Weather Forecasts and operated by a 45-member consortium,
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(1) Quick overview of the MACC/ECMWF
aerosol analysis and forecasting system

Forward model

12 aerosol-related prognostic variables:

* 3 bins of sea-salt (0.03 — 0.5 -0.9 — 20 um)
* 3 bins of dust (0.03 — 0.55 - 0.9 — 20 um)

* Black carbon (hydrophilic and —phobic)

* Organic carbon (hydrophilic and —phobic)

* S0, -> SO,

Physical processes include:

*emission sources (some of which updated in
NRT, i.e.fires),

*horizontal and vertical advection by
dynamics,

svertical advection by vertical diffusion and
convection

saerosols are externally mixed

«aerosol specific parameterizations for

dry deposition, sedimentation, wet deposition
by large-scale and convective precipitation,
and hygroscopicity (SS, OM, BC, SU)

Analysis

Integrated in the ECMWF incremental 4D-Var

Control variable is formulated in terms of the
total aerosol mixing ratio. Soon to come: fine
and coarse mode. Increments in total mass
are repartitioned into the single species
according to their fractional contribution to the
total.

Background error statistics have been
computed using forecasts errors as in the
NMC method (48h-24h forecast differences).

Assimilated observations are the MODIS
Aerosol Optical Depths (AODs) at 550
nm over land and ocean. Observation
errors are prescribed fixed values

as a result of investigation to implement
the variational bias correction (not active).

Morcrette et al., 2009, JGR

Benedetti et al., 2009, JGR




(2) Evaluation with MODIS/SEVERI and AERONET
Saharan dust outbreak: 6 March 2004

Model simulation Assimilation MODIS
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(2) Comparison of GEMS simulated and analysed aerosol optical
depth with MODIS and MISR for July 2003

Aerosol Optical Depth at 550 nm from Unconstrained Model Run MISR Terra Aerosol Optical Depth at 557.5 nm [unitless]
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Morcrette et al., 2009; Benedetti et al., 2009



Total aerosol optical depth
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« January 2003: increased AOD over south-eastern
Australia as a result of bush fires
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» Low AOD-month with just a few
hot spots (India, China and West Africa).
» Strip of large AOD at the foot of the
Himalaya is a constant feature, due to
trapped pollution coming from the Indian sub-continent.
» Large values of AOD with little seasonal and inter-annual
variability over China, associated with anthropogenic pollution.
» Winter AOD maximum of varying inter-annual strength off
the coast of West Africa at the Equator associated with 5
biomass burning of the tropical savannah 2006 S ——* §.
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Total aerosol optical depth

I‘;j; » July 2003: AOD maxima over Siberia associated with
.= wild fires. This signature is also present in the CO
«  field which is independently analyzed.

-+ July 2004: presence of a large aerosol load in the
*  North-West of America connected with pollution
transport from East Asia.

July 2003

2004

2005

» Biomass burning over West Africa and
desert dust emissions from the Sahara
are the main “constant” features

« Aerosol load in the Indian Ocean associated to strength of
the monsoon

* The winter hemisphere usually presents larger values
of AOD over the oceans connected to more intense
circulation and increased production of maritime
aerosols with inter-annual variability dependent on that

of wind intensity at the ocean surface.

0.17



(2) Evaluation with SEVERI - Case study: Fire emissions in August 2007

Observed Fire Radiative Power
(originally from SEVIRI over the
Meteosat disk and MODIS elsewhere) is
converted to emitted aerosol.

Run at 25km global resolution rather

than 125km standard GEMS global

:00 -

resolution.

Joint work with FREEVAL project (M.
Wooster, G. van der Werf, ...).

MODIS




Svdney dust storm, 23-09-09
ABCNews

MNews Home JustIn  Australia World Business Entertainment Weather
D U ST STO R M Video, your pics and comments
N EWS fFUvE BBC NEWS CHANNEL Print  Ernail Share Add to My Stories

Dept admits error in air quality forecast

Posted 11 hours 54 minutes ago

Desert dust storm chokes Sydney Updsted 1 hours 1 minutes 290

The New South Wales Environment Audio: Respiratory expert Dr Christine
Department has admitted its forecast for Jenkins speaks to ABC Local Radio (ARC
air quality in Sydney today was wildly Mews)

wrong after a dust storm prompted

hundreds of emergency calls due to

breathing difficulties.

BleIC

News Front Page Fage last updated at 10:42 GMT, Wednesday, 23 Septermber

Unitil this morning, the department’'s wehsite was forecasting conditions would be good,
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A large stretch of Australia's east coast, including the largest : : 02
city Sydney, has been shrouded in red dust blown in from the B S S B 015
desert outback. e L L o
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ferry traffic disrupted.




Svdney dust storm, 23-09-09

How the dust storm spread

Brisbane

| Dust storm area

—p Wind direction

+ A cold front combined with strong winds whipped up topsoil from the dried-out Lake Eyre

basin and swept across New South Wales spreading about 600km along the east coast
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Svdney dust storm, 23-09-09

How the dust storm spread

| Dust storm area

—p Wind direction

+ A cold front combined with strong winds whipped up topsoil from the dried-out Lake Eyre

basin and swept across New South Wales spreading about 600km along the east coast

Comparison of model (f1kd) and MODIS AQT at 550nm and L1.5 Aeronet AOT at 500nm
over Birdsville (lat=-25.9, lon=139.35). Period=1-30 Sep 2009. FC start hrs=0Z.
MODIS AQT Total FC AOQT Sulphate Dust Organic Mattar Black Carbon




Daily MACC forecasts: Eyjafjallajokull eruption
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MACC is & Collaborative Project (2009-2011) funded by the European Union under the 7th Framework Programme.
It is coordinated by the European Centre for Medium-Range Weather Forecasts and operated by a 45-member consortium.
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Aerosol Assimilation




Russian fires, August 2010
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(3) Dual aerosol control variable

« Two control variables for aerosols: fine mode aerosol mixing ratio
(defined as the sum of the first bin of sea-salt, first bin of desert
dust, black carbon, organic matter, and SO4) and coarse mode
aerosol mixing ratio (two largest bins of sea-salt and desert dust).
Background error statistics are calculated using the NMC method.

* MODIS observations of fine AOD are included in the assimilation
(over ocean only).

* Total AOD Is also used to constrain both fine and coarse aerosol
mixing ratios while fine mode AOD only constrains the fine mode.

* Correlations between the two control variables are not accounted
for — , plans to put a “balance” operator for aerosol
mixing ratio.

Angela Benedetti



Assimilation of MODIS fine mode aerosol optical depth (July 2007)
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Dual CV is working fine: observations are able to “pull” in different directions fine
and total AOD in areas of (known) model problems (i.e. off the coast of the Sahara)



AERONET verification (July 2007)

Comparison of madel (fe00) AQT at 550nm and L1.5 Aeronet AQT at 500nm over
|zana (28.31°N, 16.5°W). Model: 00UT, 1-31 Jul 2007, T+3 to T+24.
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FC-OBS Bias. Model (fe00) ACT at 550nm against L1.5 Aeronet AOT at 500nm.
Mean=-0.0611. Period=00Z-00Z 01-31 Jul 2007. FC start hrs=0. FCRS=T+3->24 by 3.
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Comparison of model (fefp) AOT at 550nm and L1.5 Aeronet AOT at 500nm over
|lzana (28.31°N, 16.5°W). Model: 00UT, 1-31 Jul 2007, T+3 to T+24.
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AERONET verification (July 2007)

Comparison of model (fe00) AQT at 550nm and L1.5 Aeronet AOT at 500nm over
La_Parguera (17.97°N, 67.05°W). Model: 00UT, 1-31 Jul 2007, T+3 to T+24.
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) CALIPSO feature classification along 10733 km of
A-Train orbit between 26/06/2007 04:00:12 and 26/06/2007 04:26:20
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) CALIPSO feature classification along 11412 km of
A-Train orbit between 26/06/2007 10:28:48 and 26/06/2007 10:56:34
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CALIPSO feature classification along 9670 km of
A-Train orblt between 26/06/’2007 00 36 29 and 26!06!2007 01 :00:01
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) CALIPSO feature classification along 14027 km of
A-Train orbit between 26/06/2007 02:13:28 and 26/06/2007 02:47:39
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(4) Comparison of aerosol with CALIPSO cloud/aerosol
mask: Conclusions

From this limited set of comparisons, the vertical distribution of the model
aerosols appears reasonable (although issue with convective transport)

Deficiencies are often linked to limited knowledge of emissions of anthropogenic
aerosols

On the model side, the absence of a plume model for emission (for OM, BC, and
SU) is likely to limit the extent of the area over which these aerosols might be
simulated.

CALIPSO cloud/aerosol mask is aerosol or cloud, whether model results often
show aerosols within cloud layers

Next stage:

— Simulate the lidar signal at 532 nm from CALIPSO from the model

— Possibly simulate the lidar signal at 355, 532 and 1064 nm and compare with
some EARLINET observations



Preliminary results

The simulation of aerosols and associated lidar signal
(LS) has been carried out for some dates in April 2008
using the IFS model at T 511 L91.

Results are shown for lidar signal from TOA at 532 nm.

Signature of various aerosols appears in difference of LS
at different wavelengths.

Similar simulations are now being done for lidar signal
from surface stations (EARLINET).
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GALIPSO feature classification alnng
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CALIPSO Aerosol Backscatter Coefficient (sr'km) at 532 nm along 13058 km
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(6) 1D-Var for CALIPSO aerosol observations

Observations :
® CALIPSO backscatter 532 nm data (version 2009Q3)
® pre-processing data:
— cloud screening using CALIPSO level 2, 1 and 5 km cloud top heights (no data used
below highest cloud top)
— averaging backscatter to model grid boxes

Observation errors :
® set to 25% of observation value (acceptable for feasibility studies)

Observation operators
® clear sky aerosol retrievals based on developed forward operator (Morcrette et al., 2009)
® considering extinction and backscatter from 11 aerosol species, gaseous extinctions

as well as temperature and pressure dependencies of these processes

Model data (first guess):

® 11 aerosol species (3 sea salt, 3 dust, organic/black carbon, hydrophilic/hydrophobic, sulphate)
® temperature, humidity, ozone, surface pressure

Model error statistics :

® generated from GEMS near real time experiments data via the NMC method
® 60-level data linearly interpolated to 91 levels

Janiskova, Stiller and Morcrette, 2010
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Summary of 1D-Var experiments for aerosol observations

* A major technical and scientific development towards the assimilation of
aerosol information from CALIPSO has been implemented

* Main outcomes from 1D-Var experimentation:

model equivalent aerosol observations are substantially driven towards
CALIPSO backscatter data

model aerosols are strongly incremented

encouraging results suggest there is a potential of using these
observations in the ECMWF aerosol system

further use in assimilation studies would require improved observation
errors, more targeted cloud screening, ...

exciting perspectives for air quality monitoring and forecasting



As a matter of conclusions

As part of the GEMS/MACC projects, the development, validation and pre-
operational provision of aerosol analyses and forecasts by the ECMWEF IFS have
relied heavily on the aerosol-related satellite data provided by MODIS, CALIPSO,
and for verification on the surface measurements at the AERONET stations.

These aerosol analysis and forecast (up to day 4) are now run with a TL255 L60 (~80
km) version of the IFS (operational model is TL1279 L91 (~16km)). Even so, the
analysis products are starting to be widely used (in Europe) as boundary conditions
for regional / limited area forecast models (7 countries as part of MACC)

These analysis and forecast products are being refined through further aerosol and
meteorological model developments, and will continue (for the years to come) to
depend on the near-real time provision of such satellite (and surface)
measurements.

So, thank you for the A-Train ...

And thank you for your attention



